Ill 



US 20030194983A1 

(w) United States 

(12) Patent Application Publication (io) Pub. No.: us 2003/0194983 Al 

Hamada et al. (43) Pub. Date: Oct 16, 2003 



(54) SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

(76) Inventors: Mototsugu Hamada, Yokohama-shi 
(JP); Hirokl Ishikuro, Kawasaki-shi 
(JP) 

Correspondence Address: 

OBLON, SPIVAK, MCCLELLAND, MAIER & 
NEUSTADT, P.C. 
1940 DUKE STREET 
ALEXANDRIA, VA 22314 (US) 

(21) Appl. No.: 10/142,050 

(22) Filed: May 10, 2002 

(30) Foreign Application Priority Data 

Apr. 10, 2002 (JP) 2002-108081 

Publication Classification 
(51) Int. CI. 7 H04B V26 



(52) U.S. CI. 



(57) 



. 455/313 



ABSTRACT 



A semiconductor integrated circuit device includes a first 
phase shifter configured to make a phase difference of 90 
degrees between local signals, first and second mixer cir- 
cuits configured to mix the local signals with a received 
signal, a second phase shifter configured to make a phase 
difference of 90 degrees between output signals of the first 
and second mixer circuits to output first and second output 
signals, an adder configured to add the first and second 
output signals, a subtracter configured to subtract the first 
and second output signals, a signal intensity detector con- 
figured to compare between an intensity of an output signal 
of the subtracter with a reference level intensity, and a power 
supply control circuit configured to disable either of the first 
and second mixer circuits or either of the first and second 
mixer circuits and the first phase shifter according to a 
comparison result. 
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SEMICONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 



No. 2002-108081, filed Apr. 10, 2002, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
[0002] 1 . Field of the Invention 

[0003] The present invention relates to a semiconductor 
integrated circuit device having a mixer built in. 

[0004] 2. Description of the Related Art 

[0005] In wireless communication, an image rejection 
mixer is frequently used in order to effect a reduction in cost. 
This image rejection mixer does not require a built-on image 
rejection filter but instead uses two mixer circuits MX1 and 
MX2 as shown in FIG. 7, which results in an increase in 
power dissipation. 

[0006] The operation of the conventional image rejection 
mixer will be described with reference to FIGS. 7 and 8. Id 
the description which follows, it is assumed that 
coi>ooLO>cod and coIF=co!j0-cod. A radio-frequency received 



signal (hereinafter referred to as an RF signal) containing an 
image signal is represented by cos oodt+cos coit, and a local 
signal (hereinafter referred to as an LO signal), which is a 
conversion carrier signal, is represented by cos wLO (ampli- 
tudes are omitted for simplicity). 

[0007] First, an RF signal is input to each of the first and 
second mixer circuits MIX1 and MIX2, which are supplied 
with LO signals between which a phase difference of 90 
degrees has been introduced through a first phase shifter 11. 
Consider here that the LO signal input to the first mixer 
circuit MIxl has its phase shifted by 90 degrees and the 
phase of the LO signal to the second mixer circuit MIX 2 
remains unchanged. 



[0008] The RF signal and the LO signal are mixed in each 
of the mixer circuits MIxl and MIX2. As a result, interme- 
diate-frequency signals (hereinafter referred to as IF signals) 
xl(t) and x2(t) are output from the mixer circuits MIxl and 
MIX2, respectively. These IF signals have their high-fre- 
quency components removed through lowpass filters and are 
represented by 



(1) 



(2) 



[0009] Next, a phase shift of 90 degrees is introduced 
between the IF signals xl(t) and x2(t) in the second phase 
shifter 12. It is assumed here that the phase of the IF signal 
x2(t) is shifted by 90 degrees and the phase of the IF signal 
xl(t) is not shifted. Therefore, the IF signal xl(t) is output 
as it is onto a signal path 1 and an IF signal x3(t) is output 
onto a signal path 2, which is represented by 

x3(t) = (1 /2){co«M - coLO - n/2) +■ COS(wL0 - ui - H/2) (3) 
= (1 /2){sin(wrf - ioLO) + sin{coLO - ui)} 



[0010] The IF signals xl(t) and x3(t) are next added 
together in an adder 13 to produce a signal IFOUT1, which 
is represented by 

(4) 



[0011] As indicated by expression (4), a desired compo- 
nent cod only is left in coIF («o)LO-cod). That is, adding xl(t) 
and x3(t) together allows the image signal to be rejected 
without using an external filter. 

[0012] In comparison with the external image rejection 
filter, however, the conventional image rejection mixer has 
a problem of large power dissipation because of the provi- 
sion of two mixer circuits. 

BRIEF SUMMARY OF THE INVENTION 

[0013] According to an aspect of the present invention, 
there is provided a semiconductor integrated circuit device 



xl{t) = (coswrfr-K cos o>it)x{cos(o> LOt- fI/2) 

n {I /2){sinM + u)LO) + %in{u>d - o>LO) 4- sin(w/ 4- a>W) 4- %m{ui - o>LO)} 
= (1 /2){$m(uxl 4- diLO) + sm{o)d - coLO) 4- &in(oJi 4- uLO) - sin(£oLO - Oil)} 
= (1 /2){sm{u)d - ioLO) - sm{coLO - toi)) 

x2{t) - (cos todt + cos o) it) x cos wLOt 

- (1 /2Mcos(w</ 4- wLO) 4- cos{cod - wLO) + cos(cj/ + coLO) + cos(o>/ - ioLO)) 
= (1 /2)\cos{iod 4- o)LO) 4- cos(a*i - cjLO) + cos(wi 4- wLO) + cos {a>LO - a>i)} 
= (1 /2){cos{iod - o)LO) 4- cos(w LO - u>i)} 



IFOU71 = xl{t)+x3{t) 

= (1 /2Msin(fc>4 - o>LO) - sin(wLO - toi) 4- sin(w</ - toLO) + %m{u>LO - u>i)} 
= sm{u)d - (jjLO) 
- -sin(o>LO - u)d) 
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comprising: a first phase shifter configured to make a phase 
difference of 90 degrees between local signals, first and 
second mixer circuits configured to mix the local signals 
made the phase difference with a received signal, a second 
phase shifter configured to make a phase difference of 90 
degrees between output signals of the first and second mixer 
circuits to output first and second output signals made the 
phase difference, an adder configured to add the first and 
second output signals, a subtracter configured to subtract the 
first and second output signals, a signal intensity detector 
configured to compare between an intensity of an output 
signal of the subtracter with a reference level intensity, and 
a power supply control circuit configured to disable either of 
the first and second mixer circuits or either of the first and 
second mixer circuits and the first phase shifter according to 
a comparison result of the intensity of the output signal of 
the subtracter and the reference level intensity. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0014] FIG. 1 is a schematic diagram of a semiconductor 
integrated circuit device according to a first embodiment of 
the present invention; 

[0015] FIG. 2 is a schematic diagram of other semicon- 
ductor integrated circuit device according to the first 
embodiment of the present invention; 

[0016] FIG. 3 is a schematic diagram of a semiconductor 
integrated circuit device according to a second embodiment 
of the present invention; 

[0017] FIGS. 4 and 5 are schematic diagrams of other 
semiconductor integrated circuit devices according to the 
second embodiment of the present invention; 

[0018] FIG. 6 is a schematic diagram of a semiconductor 
integrated circuit device according to a third embodiment of 
the present invention; 

[0019] FIG. 7 is a schematic diagram of a conventional 
semiconductor integrated circuit device; and 

[0020] FIG. 8 shows a relationship among signal frequen- 
cies in the conventional integrated semiconductor circuit 
device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The preferred embodiments of the present inven- 
tion will be described with reference to the drawings. Like 
components are shown by corresponding reference numerals 
throughout several views of the drawings. 

[0022] [First Embodiment] 

[0023] The first embodiment is adapted to detect the 
intensity of an image signal and disable part of circuits that 
constitute a frequency converter according to the detected 
intensity of the image signal. 



[0024] FIG. 1 is a schematic diagram of a semiconductor 
integrated circuit device according to the first embodiment 
of the present invention. As shown in FIG. 1, this integrated 
circuit device comprises a first mixer circuit MIX1, a second 
mixer circuit MIX2, a first phase shifter 11, a second phase 
shifter 12, an adder 13, a subtracter 14, a signal intensity 
detector 15, and a power supply control circuit 16. The 
signal intensity detector 15 detects the intensity of the image 
signal to produce a signal whose magnitude corresponds to 
the detected intensity of the image signal. The power supply 
control circuit 16 is responsive to the output signal of the 
signal intensity detector 15 to control the frequency con- 
verter 16. 

[0025] The operation of the semiconductor integrated cir- 
cuit of the first embodiment will be described. In the 
description which follows, it is assumed that coixoLOxod 
and coIF=(DL0-a)d. A radio-frequency received signal (here- 
inafter referred to as an RF signal) containing an image 
signal is represented by cos oodt+cos coit, and a local signal 
(hereinafter referred to as an LO signal), which is a conver- 
sion carrier signal, is represented by cos coLO (amplitudes 
are omitted for simplicity). 

[0026] First, an RF signal is input to each of the first and 
second mixer circuits MIX1 and MIX2, which are also 
supplied with LO signals between which a phase difference 
of 90 degrees has been introduced through the first phase 
shifter 11. Assume here that the LO signal input to the first 
mixer circuit MIX1 has its phase shifted by 90 degrees and 
the phase of the LO signal to the second mixer circuit MIX2 
remains unchanged. 

[0027] The RF signal and the LO signal are mixed in each 
of the mixer circuits MIX1 and MIX2. As a result, interme- 
diate-frequency signals (hereinafter referred to as IF signals) 
xl(t) and x2(t) are output from the mixer circuits MIX1 and 
MIX2, respectively. 

[0028] Next, a phase shift of 90 degrees is introduced 
between the IF signals xl(t) and x2(t) in the second phase 
shifter 12. It is assumed here that the phase of the IF signal 
x2(t) is shifted by 90 degrees and the phase of the IF signal 
xl(t) is not shifted. Therefore, the IF signal xl(t) is output 
as it is onto the signal path 1 and the IF signal x3(t) is output 
onto a signal path 2. 

[0029] Next, the IF signals xl(t) and x3(t) are added 
together in the adder 13 to produce an IFOUT1 signal. On 
the other hand, the IF signal x3(t) is subtracted from the IF 
signal xl(t) in a subtracter 14 to produce an IFOUT2 signal. 
As a result, only the desired component cod appears in the 
IFOUT1 signal and only the image frequency component coi 
appears in the IFOUT2 signal as indicated by 



IFOUTJ =xl(r)+x3{t) ( 5 ) 
= (1/ 2)(*inM - coLO) - sin(wLO - o>/} 4- sin(o>LO - u>f)} 
= sw(a)d - lolJO) 
= -sin(wLO - o)d) 
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-coatinued 

IFOUT2 = xJ[t)-x3(t) (6) 
= (1 /2){sin(w</ - cjLO) - sin(wL0 - oji) - sm(iod - ioLO) - sin(a>L0 - w/)} 
= -sin(wI0 - o>i) 
= sin(w/ - ojLO) 



[0030] The IFOUT2 signal is input to the signal intensity 
detector 15 in which a signal intensity value as a reference 
value is set. When the intensity of the IFOUT2 signal is 
larger than the reference value, the power supply control 
circuit 16 enables all the first and second mixer circuits 
MIX1 and MEX2 and the first phase shifter 11 to operate. If, 
on the other hand, the intensity of the IFOUT2 signal is less 
than the reference value, the power supply control circuit 16 
disables the second mixer circuit MIX2 from operating. In 
a state where the second mixer circuit MIX2 is inoperative, 
the IF signals xl(t) and x2(t) are input to the second phase 
shifter 12. At this point, since the second mixer circuit MIX2 
is inoperative, the IF signal x2(t) is a direct-current signal 
rather than a signal resulting from mixing the RF signal and 
the LO signal. 

[0031] When the intensity of the IFOUT2 signal is less 
than the reference value, it is only required to disable either 
of the first and second mixer circuits MIX1 and MIX2. Id 
addition to either of the first and second mixer circuits MIX1 
and MIX2, the first phase shifter 11 may also be disabled. 
Further, it is also possible to disable the signal intensity 
detector 15. 

[0032] The reference level can be set to conform to the 
image rejection specifications in a communication system. 
For example, reference may be made to the minimum 
receivable level. In this case, when the intensity of the 
IFOUT2 signal is less than the minimum receivable level, 
some of the circuits in the frequency converter can be 
disabled. 

[0033] The reference level can be represented by expres- 
sions (7) and (8). For example, assume that the S/N ratio 
required by the system is R (dB) and the intensity in the 
system sensitivity specifications is S (dBm) (0 dBm=l mW). 
If, when the intensity of the desired signal is S (dBm), the 
intensity of the IFOUT2 signal (image signal) is less than 
S-R (dBm), there is no need for image rejection because the 
S/N ratio required may be R (dB). When expression (7) 
below is satisfied, therefore, some of the circuits in the 
frequency converter may be disabled. 

IFOUT2 signal intensity<S-R (dB) (7) 

[0034] In practice, however, a margin of M (dB) is taken 
into consideration and, when the intensity of the IFOUT2 
signal is less than S-R-M (dBm) as indicated by expression 
(8), some of the circuits in the frequency converter will be 
disabled. 

IFOUT2 signal intensity<S-R-M (dBm) (8) 

[0035] Making M too small results in a displacement from 
an ideal case through some influence, failing to meet speci- 
fications. Conversely, making M too large results in a 
reduction in the number of chances for disabling some of the 
circuits in the frequency converter, lessening the power 
saving effect. For this reason, with the wireless short- 



distance communication system "Bluetooth" (registered 
trademark), S is set to -70 or below and R is set to 11. In this 
case, M is set to be of the order of 3 to 6. The S, R and M 
values vary with communication specifications, product 
specifications, and design specifications. 

[0036] According to the first embodiment, the IF signal 
x3(t) is subtracted from the IF signal xl(t) to produce the 
IFOUT2 signal in which only the image frequency compo- 
nent coi is contained and then the intensity of the IFOUT2 
signal is compared with the reference level. According to the 
result of the comparison (for example, when the intensity of 
the IFOUT2 signal is less than the reference level), either of 
the first and second mixer circuits MDft and MIX2 or the 
first phase shifter 11 as well as either of the first and second 
mixer circuits MIX1 and MIX2 are disabled. Thereby, it is 
possible to decrease power dissipation of the frequency 
converter. 

[0037] The reference level set in the signal intensity 
detector 15 is not limited to the above examples. For 
example, as shown in FIG. 2, the IFOUT1 signal may be 
input to the signal intensity detector 15 to produce a refer- 
ence level corresponding to the intensity of the IFOUT1 
signal. 

[0038] The reference level in this case can be represented 
by expression (9) or (10) below. For example, if, when the 
S/N ratio required by the system is set to R (dB), the 
IFOUT1 signal containing the desired frequency component 
is larger in magnitude than the IFOUT2 signal containing the 
image frequency component by R (dB), there is no need for 
image rejection. When expression (9) below is met, there- 
fore, some of the circuits of the frequency converter may be 
disabled. 

[0039] IFOUT2 signal intensity 

<IFOUTl signal intensity— R (dBm) (9) 

[0040] In practice, however, a margin of M (dB) is taken 
into consideration and, when the intensity of the IFOUTl 
signal is (R+M) dB larger than that of the IFOUT2 signal as 
indicated by expression (10) below, some of the circuits in 
the frequency converter will be disabled. 

[0041] IFOUT2 signal intensity 

<IFOUTl signal intensity— R—M (dBm) (10) 

[0042] Making M too small results in a displacement from 
an ideal case through some influence, failing to meet speci- 
fications. Conversely, making M too large results in fewer 
chances for disabling some of the circuits in the frequency 
converter, lessening the power saving effect. For this reason, 
with the wireless short-distance communication system 
"Bluetooth", R is set to 11. In this case, M is set to be of the 
order of 3 to 6. The R and M values vary with communi- 
cation specifications, product specifications, and design 
specifications. 
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[0043] [Second Embodiment] 

[0044] FIG. 3 is a schematic diagram of a semiconductor 
integrated circuit device according to a second embodiment 
of the present invention. The second embodiment has a filter 
in addition to the arrangement of the first embodiment. That 
is, the semiconductor integrated circuit device of the second 
embodiment differs from that of the first embodiment in that, 
as shown in FIG. 3, between the subtracter 14 and the signal 
intensity detector 15 is provided a filter 21 that extracts a 
disturbing signal component from the signal according to the 
output signal of the subtracter 14. 

[0045] The semiconductor integrated circuit device of the 
second embodiment operates as follows. Here, only the 
points that make the second embodiment differ from the first 
embodiment will be described. 

[0046] First, the IF signals xl(t) and x3(t) are added 
together in the adder 13 to produce the IFOUT1 signal. On 
the other hand, the IF signal x3(t) is subtracted from the IF 
signal xl(t) in the subtracter 14 to produce the IFOUT2 
signal. As a result, only the desired frequency component cod 
appears in the IFOUT1 signal (refer to expression (5)) and 
only the image frequency component coi appears in the 
IFOUT2 signal (refer to expression (6)). 

[0047] The IFOUT2 signal is then input to the filter 21 to 
take out only a disturbing frequency component having a 
great influence on the desired frequency component. The 
signal passed through the filter 21 is input to the signal 
intensity detector 15 in which a signal intensity value as a 
reference level has been set. When the intensity of the 
IFOUT2 signal passed through the filter 21 is higher than the 
reference level, the power supply control circuit 16 controls 
all the first and second mixer circuits MIX1 and MIX2 and 
the first phase shifter 11 to operate. On the other hand, when 
the intensity of the IFOUT2 signal passed through the filter 
21 is lower than the reference level, the power supply 
control circuit 16 disables either of the first and second 
mixer circuits MIX1 and MIX2 or the first phase shifter 11 
as well as either of the first and second mixer circuits MIX1 
and MIX2 from operating. 

[0048] The second embodiment can provide the same 
advantages as the first embodiment. 

[0049] Further, the second embodiment is provided with 
the filter 21 between the subtracter 14 and the signal 
intensity detector 15. Thereby, only the disturbing signal 
component in the vicinity of the image frequency can be 
extracted from the IFOUT2 signal. Therefore, since only the 
intensity of the disturbing signal component in the IFOUT2 
signal is compared with the reference level, more chances 
for the intensity of the IFOUT2 signal to fall below the 
reference level can be expected than in the first embodiment. 
For this reason, the chances for disabling some of the first 
and second mixer circuits MIX1 and MIX2 and the first 
phase shifter 11 can be increased, allowing for a further 
reduction in power dissipation. 

[0050] In order to employ the intensity of the IFOUT1 
signal as a reference level in the signal intensity detector 15, 
a filter 22 may be connected between the adder 13 and the 
signal intensity detector 15 as shown in FIG. 4. As an 
alternative, a filter 23 may be connected between the adder 
13 and a demodulator 24 as shown in FIG. 5, in which case 
an output signal of that filter 23 can be input to the signal 



intensity detector 15. In such an example shown in FIG. 4 
or 5, a comparison is made in the signal intensity detector 15 
between the intensity of the disturbing signal component 
extracted by the filter 21 and the intensity of the desired 
signal component extracted by the filter 22 or 23. 

[0051] [Third Embodiment] 

[0052] FIG. 6 is a schematic diagram of a semiconductor 
integrated circuit device according to a third embodiment of 
the present invention. The third embodiment has a signal 
quality detector in addition to the arrangement of the first 
embodiment. That is, the semiconductor integrated circuit 
device of the third embodiment differs from that of the first 
embodiment in that, as shown in FIG. 6, a signal quality 
detector 31 that detects the quality of the IFOUT1 signal is 
provided between the adder 13 and the power supply control 
circuit 16. 

[0053] The semiconductor integrated circuit device of the 
third embodiment operates in the following way. Here, only 
the points that make the third embodiment difTer from the 
first embodiment will be described. 

[0054] First, when the intensity of the IFOUT2 signal is 
higher than the reference level, the power supply control 
circuit 16 controls all the first and second mixer circuits 
MIX1 and MIX2 and the first phase shifter 11 to operate. On 
the other hand, when the intensity of the IFOUT2 signal is 
lower than the reference level, the power supply control 
circuit 16 disables either of the first and second mixer 
circuits MIX1 and MIX2 or the first phase shifter 11 as well 
as either of the first and second mixer circuits MIX1 and 
MIX2 from operating. 

[0055] After a phase shift of 90 degrees has been intro- 
duced again between the IF signals xl(t) and x2(t) in the 
second phase shifter 12, the IF signals xl(t) and x3(t) are 
added together in the adder 13 to output the IFOUT1 signal, 
and the IF signal x3(t) is subtracted from the IF signal xl(t) 
in the subtracter 14 to produce the IFOUT2 signal. 

[0056] If these operations have been performed with some 
of the first and second phase shifters MIX1 and MIX2 and 
the first phase shifter 11 disabled, the quality of the IFOUT1 
signal is detected in the signal quality detector 31 in order to 
operate the disabled circuits again. 

[0057] The signal quality detector 31 checks the IFOUT2 
signal for quality in terms of, for example, S/N ratio, bit 
error rate, packet error rate, or the like. In the event of a 
deterioration in the signal quality, the power supply control 
circuit 16 is instructed to operate the disabled circuits for 
image rejection because there is a possibility that the dete- 
rioration in the signal quality is caused by image interfer- 
ence. 

[0058] If either of the first and second mixer circuits MIX1 
and MIX2 is disabled, then the IF signal output from the 
disabled circuit is a direct-current signal as described pre- 
viously in the first embodiment. 

[0059] The third embodiment can provide the same advan- 
tages as the first embodiment. 

[0060] In the third embodiment, the signal quality detector 
31 checks the IFOUT1 signal for its quality. In the event of 
a degradation in the signal quality, the disabled circuit in the 
frequency converter can be operated again to perform image 
interference rejection. 
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[0061] Although the third embodiment has been described 
as operating the disabled circuit in the frequency circuit 
again when a deterioration in signal quality is detected by 
the signal quality detector 31, it is also possible to operate 
the disabled circuit periodically. In this case, it is required to 
input timing signals to the power supply control circuit 16. 

[0062] Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 

1. A semiconductor integrated circuit device comprising: 

a first phase shifter configured to make a phase difference 
of 90 degrees between local signals; 

first and second mixer circuits configured to mix the local 
signals made the phase difference with a received 
signal; 

a second phase shifter configured to make a phase differ- 
ence of 90 degrees between output signals of the first 
and second mixer circuits to output first and second 
output signals made the phase difference; 

an adder configured to add the first and second output 
signals; 

a subtracter configured to subtract the first and second 
output signals; 

a signal intensity detector configured to compare between 
an intensity of an output signal of the subtracter with a 
reference level intensity; and 

a power supply control circuit configured to disable either 
of the first and second mixer circuits or either of the 
first and second mixer circuits and the first phase shifter 
according to a comparison result of the intensity of the 
output signal of the subtracter and the reference level 
intensity. 

2. The semiconductor integrated circuit device according 
to claim 1, wherein either of the first and second mixer 
circuits or either of the first and second mixer circuits and 
the first phase shifter are disabled when the intensity of the 
output signal of the subtracter is less than the reference level 
intensity. 

3. The semiconductor integrated circuit device according 
to claim 1, wherein either of the first and second mixer 
circuits or either of the first and second mixer circuits and 
the first phase shifter are disabled when the intensity of the 
output signal of the subtracter is less than S-R-M where R 
is an S/N ratio required by a system, S is an intensity defined 
by system sensitivity specifications, and M is a margin. 

4. The semiconductor integrated circuit device according 
to claim 1, wherein the reference level intensity is a signal 
intensity corresponding to an output signal of the adder. 

5. The semiconductor integrated circuit device according 
to claim 4, wherein either of the first and second mixer 
circuits or either of the first and second mixer circuits and 
the first phase shifter are disabled when the intensity of the 
output signal of the subtracter is less than the intensity of the 
output signal of the adder -R-M where R is an S/N ratio 
required by a system, S is an intensity defined by system 
sensitivity specifications, and M is a margin. 



6. The semiconductor integrated circuit device according 
to claim 1, further comprising a filter configured to extract 
a disturbing signal component from a signal corresponding 
to the output signal of the subtracter, and wherein an 
intensity of the disturbing signal is compared with the 
reference level intensity and, according to a comparison 
result of the intensity of the disturbing signal and the 
reference level intensity, either of the first and second mixer 
circuits or either of the first and second mixer circuits and 
the first phase shifter are disabled. 

7. The semiconductor integrated circuit device according 
to claim 6, wherein, when the intensity of the disturbing 
signal is less than the reference level intensity, either of the 
first and second mixer circuits or either of the first and 
second mixer circuits and the first phase shifter are disabled. 

8. The semiconductor integrated circuit device according 
to claim 1, further comprising a first filter configured to 
extract a disturbing signal component from a signal corre- 
sponding to the output signal of the subtracter and a second 
filter configured to extract a desired signal component from 
a signal corresponding to an output signal of the adder, and 
wherein an intensity of the disturbing signal is compared 
with an intensity of the desired signal and, according to a 
comparison result of the intensity of the disturbing signal 
and the intensity of the desired signal, either of the first and 
second mixer circuits or either of the first and second mixer 
circuits and the first phase shifter are disabled. 

9. The semiconductor integrated circuit device according 
to claim 8, wherein, when the intensity of the disturbing 
signal is less than the intensity of the desired signal, either 
of the first and second mixer circuits or either of the first and 
second mixer circuits and the first phase shifter are disabled. 

10. The semiconductor integrated circuit device according 
to claim 8, further comprising a demodulator configured to 
demodulate an output signal of the second filter. 

11. The semiconductor integrated circuit device according 
to claim 1, further comprising a signal quality detector 
configured to make a disabled circuits of the first and second 
mixer circuits and the first phase shifter to operate when a 
quality of an output signal of the adder is degraded. 

12. The semiconductor integrated circuit device according 
to claim 1, further comprising an operating return circuit 
configured to input a timing signal to the power supply 
control circuit to make a disabled circuits of the first and 
second mixer circuits and the first phase shifter to operate 
periodically. 

13. The semiconductor integrated circuit device according 
to claim 1, wherein, according to the comparison result, the 
signal intensity detector is disabled. 

14. The semiconductor integrated circuit device according 
to claim 13, wherein, when the intensity of the output signal 
of the subtracter is less than the reference level intensity, the 
signal intensity detector is disabled. 

15. The semiconductor integrated circuit device according 
to claim 1, wherein the reference level intensity is a signal 
intensity corresponding to a minimum receivable level. 

16. The semiconductor integrated circuit device according 
to claim 1, wherein, when the intensity of the output signal 
of the subtracter is more than the reference level intensity, 
the first and second mixer circuits and the first phase shifter 
are all operated. 

17. The semiconductor integrated circuit device according 
to claim 1, wherein an image frequency component only is 
extracted by subtracting the first and second output signals. 
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